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Six experiments on the quantitative aspects of genetics and on the 
genotype-environment interaction in Japanese quail were conducted in a 
sequence as reported. The first two experiments were conducted primarily 
to standardize materials and methods for use in the succeeding studies.
Intra-sire regression of offspring on dam was employed to the esti­
mation of additive genetic variance of five week body weight. A total 
of 413 offspring from 28 sires and 64 dams were measured. A heritabi­
lity estimate of 0.44 ± 0.31 was found from daughter-dam records. Son- 
dam data gave a corresponding value of heritability of 0.24 ± 0.22.
Three random-bred lines of Japanese quail were crossed in a 3 X 3 
diallel to study their combining ability for hatchability, growth rate, 
and age at maturity. The experiment was set up as a randomized complete 
block (RCB) design with a 4-factor, 3 X 3 X 2 X 2, factorial, the 
factors being line of sire, line of dam, ambient temperature stress, and 
sex. In all, approximately 1200 eggs in three hatches were set; 496 
progeny measured for five week body weight; and 212 hens recorded for 
age at maturity (% lay on hen-day basis).
General combining ability effects were highly significant for 
percent hatchability. Sire-line two gave poor hatchability. Specific 
combining ability was not important for hatchability in the three lines 
tested. Body weight data revealed highly significant effects due to 
general combining ability, specific combining ability, sire x sex, 
hatch, ambient temperature, and sex. The sire x dam x sex interaction 
was also significant. Data for age at maturity indicated that general 
and specific combining abilities as well as maternal effects were all 
highly significant and therefore important in the three lines of Japanese
viii
quail studied.
A selection experiment for five week body weight under high ambient 
temperature stress was designed with two replications, each with eight 
lines. Four of these eight lines were subjected to 37 ± 1.6°C tempera­
ture stress from 3-5 weeks of age. Each of the four lines had either 
no selection, male selected, female selected or both parents selected.
The other four lines in each replication were corresponding controls 
raised at room temperature (15-27°C). Selection was carried for two 
generations and each line exposed to both the temperature treatments 
for performance test for adaptation under stress. For five week body 
weight, line x temperature and sex x temperature were both significant. 
The former interaction was due, primarily, to better growth of stress 
adapted lines under stress environment compared to the control lines.
Sex x temperature interaction was mainly contributed by the control 
females being more sensitive to stress them the males. A cumulative 
estimate of realized heritability of .47 ± .15 was recorded for five-week 
body weight.
As an interaction to stress temperature, in the third generation
five variant color phenotypes were observed in three of the eight lines
under temperature stress. The eight control lines had all wild-type
progenies. One mutant female carrying a sex-linked recessive gene 
37(BR-SRT ) was confirmed by F^, F2 and F3 records of her progeny. This
mutant is lighter in color, skin white, shanks pink, pinkish-white face,
neck and breast with brown specks and white stripes on the back. The
37other four phenotypes, partially-white wings, (BR-AmT mutant), were 
tested to be hereditary in nature and seem to be due to an autosomal gene 
or genes whose expression was dependent on modifiers.
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INTRODUCTION
During the past 10-15 years Japanese quail (Coturnix coturnix 
japonica) has become increasingly popular as an outstanding experimental 
animal not only for pilot investigations in research with poultry, but 
also in diverse biomedical and many other disciplines. Some of the 
primary reasons are: economy of space and feed; maintenance; and their 
apparent resistance to many diseases. A short generation interval of 
about three months renders them especially suited for genetic studies.
The work presented herein on the quantitative aspects of genetics and on 
the genotype-environment interaction in Japanese quail was conducted 
with the following objectives in mind: a) To supplement the existing
knowledge as well as to add new information on the genetics of growth in 
Coturnix; b) To study the effects of high ambient temperature on growth 
and the genotype-environment interaction resultant from this stress; and 
c) As a consequence of these studies, to contribute a new and useful 
sex-linked recessive gene to the genetic pool of this important experi­
mental animal.
The six studies in this dissertation were conducted in a sequence as 
reported. Each succeeding work was dependent on one or more of the 
preceding studies and was guided by the results obtained therefrom. 
Nevertheless, each of these experiments was designed so as to be self 
sufficient and adequate in satisfying the objective or objectives set 
forth.
Most of these studies are being reported for the first time. An 
attempt has been made to review similar work with other animals wherever 
possible and when pertinent.
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Almost all the general materials and methods are covered in the 
first two reports. The succeeding studies refer to these as necessary.
The topics covered and the order in which these studies were con­
ducted is as follows: 1) Storage of hatching eggs, and rate and time
of hatch; 2) High ambient temperature stress, growth, and correlations 
of body weight; 3) Intra-sire regression of offspring on dam as a 
measure of additive genetic variance for body weight; 4) General and 
specific combining ability for hatchability, growth rate, and age at 
maturity in a 3 X 3 diallel cross; 5) Directional selection for body 
weight under high ambient temperature stress; and 6 ) A sex-linked re­
cessive color mutant and other mutations under high ambient temperature 
stress.
I. EFFECT OF PREINCUBATION STORAGE, PARENTAL AGE, AND 
RATE OF LAY ON HATCHABILITY IN COTURNIX COTURNIX JAPONICA.
The importance of Coturnix for domestic, commercial and experimental 
purposes is well known (National Research Council, 1969; Wilson et al., 
1971). It has been reported by Woodard et al. (1965) that egg production 
in growing Japanese quail improves from 6 to 10 weeks of age. In the 
present study, one of the objectives was to determine if time could be 
saved by setting eggs from younger birds that have attained a desirable 
rate of lay. In our newly established laboratory, incubation time for 
hatching quail eggs has varied from 16 to 19 days within a given hatch.
It was intended to investigate what relation, if any, exists between 
length of preincubation storage and time of hatch. With the forthcoming 
genetic studies in mind, it was also desired to establish the earliest 
age at which the parents could be used as breeders with advantage.
Materials and Methods:
Four random-bred populations of Japanese quail were involved in this 
study. Eggs were obtained in the summer of 1971 from the Agricultural 
Experiment Stations of New Hampshire, Auburn and Kentucky. The fourth 
population was acquired originally from the Southern Regional Poultry 
Genetics Laboratory, Athens, Georgia, and reproduced by the Zoology De­
partment at Louisiana State University. Several males from a local source 
were introduced into this population before the eggs were acquired to start 
the Baton Rouge line. The New Hampshire population was an from a cross 
between New Hampshire random-bred lines 202 and 203. The base population 
for each line was started with the following numbers: Auburn (AU) 150,
New Hampshire (NH) 39, Kentucky (KY) 204, and Baton Rouge (BR) 184.
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All eggs were set and hatched in James 252 incubators with filler
flats inserted in the trays to hold the quail eggs. All chicks were
brooded in Oakes battery brooders with heating area on one end with a
starting temperature of 39°C. Feed was placed in shallow aluminum trays
for the first week and .46 m covered chick feeders for the next two
weeks. Water was supplied with pint vacuum-type quail waterers. At three
weeks of age all chicks were moved to intermediate Oakes batteries without
heat. The regular troughs were used for feed and water. The batteries
were in a semi-controlled-temperature room and the temperature was not
oallowed to go below 24 C. In summer the temperature of the room was 
ooften 34 C. At five weeks of age birds were weighed to the nearest gram 
and placed in colony laying cages. Young stock was fed the quail starter 
ration up to five weeks of age. After five weeks all birds were fed the 
quail breeder. Table 1.1 gives the composition of both these rations.
Colony cages were 1.2 x .76 x .3m, placed back to back with a con­
tinuous flow waterer between cages. The cages were housed in a room with
16 continuous light hours per day regulated by an automatic timer and
o omaintained at a temperature between 21 and 27 C. Eggs were collected
and birds fed each morning. Stored eggs were kept in an egg cooler at 
o10 i 1 C until incubated.
Three experiments were conducted. In all cases, the male to female 
ratio was 1:2. At the start, 16, 60, 56 and 64 females of NH, KY, AU and
BR lines, respectively, were involved in these experiments.
1. Effect of parental age:
Fresh eggs, no more than 24 hours old, were set in the 
same incubator each week from the 7th to 11th week of age of
the four lines. AU and BR lines were two weeks younger than NH
5
and KY lines.
2. Effect of rate of lay:
Each of the four lines was observed for the percent lay 
every 24 hours starting at six weeks of age. Fresh eggs were 
set from each line at rates of lay of 25, 50, 75 and 100 percent.
3. Effect of preincubation storage:
All birds were 12-14 weeks old at the start of this ex­
periment. Eggs were collected within 24 hours of laying and 
stored. All eggs were set at the same time in the incubator. A 
second replication followed the first in about four weeks time. 
Chicks hatched were recorded at the end of 16, 17, 18, and 19 
days of incubation. These data were transformed on similar lines 
as suggested by Fisher and Yates (1957) and Snedecor and Cochran 
(1969) where the arcsinl/X/100 + .03 transformation was applied 
to the percent data (X). On the transformed data, a split plot 
analysis in a randomized block design was conducted with hatches 
as plots, storage time as split plots and days of incubation 
as split-split plots.
Results and Discussion:
1. Effect of parental age:
Table 1.2 shows the number of eggs set and their hatch­
ability for the five different ages of the parents. Since the 
percentage values range between 18 and 89 no transformation of 
the data was performed. The analysis of variance of these data 
show an age effect with a probability of F of 0.07. Duncan's 
Multiple Range Test (MRT) was performed to determine what trend,
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if any, is shown by age. There was no significant difference in 
hatchability of eggs at parental ages eight through 11 weeks, 
nor between seven and eight weeks. Seven weeks had significantly 
lower hatchability than nine, 10 or 11 weeks.
It was felt that more data were necessary before a sound 
conclusion could be made about the age effect. Early in 1973, 
this experiment was repeated using four closed lines from another 
experiment. This time, data were recorded at parental ages of 
six, seven, eight and nine weeks. A control line (age 10 weeks) 
was kept and its hatchability concurrently recorded every week 
to keep a check on any possible drastic incubation problem from 
week to week. The data and analysis of variance are presented 
in Table 1.3. The age effect was found to be highly significant 
while the line effect was significant. Duncan's MRT revealed 
hatchability at six weeks was significantly lower than the other 
ages tested. There was no significant difference in the ages 
of seven, eight and nine weeks. These findings do not agree with 
Woodard and Abplanalp (1971) who reported maximum hatchability 
around 12 weeks of age. Vogt and Steinke (1970) have reported 
10-11 weeks as the age for maximum fertility and hatchability in 
the Japanese quail.
2. Effect of rate of lay:
The data on the number set and percent hatched for the 
percent lay of the four lines with the analysis of variance are 
shown in Table 1.4. The effect of percent lay on hatchability 
was highly significant. Duncan's Multiple Range Test revealed 
that hatchability was significantly lower only at 25 percent lay. 
There was no significant difference in this regard between the
7
other three rates of lay tested. Average age at 25, 50, 75 and 
100 percent lay was 47, 56, 64, and 66 days, respectively. 
Average age at 50 percent lay and maximum lay has been reported 
as 51 and 87 days, respectively, by Woodard and Abplanalp (1971).
3. Effect of preincubation storage:
The data collected are shown in Table 1.5. The analysis 
of the data revealed that time of hatch and the interaction of 
time of hatch with preincubation storage were both highly signi­
ficant. Preincubation storage was also highly significant. 
Duncan's MRT revealed that percent hatched after 17 and 18 days 
of incubation was significantly higher than 16 and 19 days of 
incubation. There was no significant difference between either 
17 and 18 or 16 and 19 days of incubation. Duncan's MRT com­
paring storage times showed that hatchability percent for up 
to one day of storage was the highest and for 17-23 days it 
was significantly lower. After the initial drop in hatchability 
a slight decline continued until 16 days at which time a rapid 
decline occurred. This is in agreement with Sittmann et al.. 
(1971) who reported a sharp decrease in hatchability after 13 
days of storage of hatching quail eggs.
Prom Table 1.5, a regression analysis of average days of 
incubation on average time of preincubation storage was run. 
Table 1.6 and Figure 1.1 give these results. Time of hatch 
(days of incubation) was found to be highly dependent on the 
length of preincubation storage and was linearly related. On 
the average, one day of storage of hatching eggs delayed the 
hatching by 1.1 hours.
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This study suggests the following: Japanese quail may be
used between the ages of eight and nine weeks or after they 
have reached 50 percent or more lay with the expectation of 
obtaining maximum hatchability of fresh eggs from the young 
breeders. Length of storage of hatching eggs can significantly 
scatter one hatch into an undesirably long span and should be 
important in studies concerning growth rate and/or other related 
investigations.
9
Table 1.1 Composition Of Quail Starter and Breeder Rations.














































Based in part on Guillaume, J. (1970), Marks, H. L. and P. D. 
Lepore (1968), Vogt, H. (1969) and Vohra, P. (1971).
2Concentrations per kilo of finished feed: 8,800 IU Vit. A, 1320
IU Vit. D3, 5.50 IU Vit. E, 4.4 mg. Riboflavin, 11 mg. Ca pantothenate, 
22 mg. Nicotinic Acid, 13.2 meg. Vit. B12, 220 mg. Choline Cl, 0.22 mg. 
Folic Acid, 0.07 mg. Biotin. It also added per kilo of starter: 11 mg.
Terramycin, 5 g. Zoamix, 1.3 g. Methionine. Vitamin Mix added 0.3 g. 
Methionine.
CuS04.
Adds per kilo of diet, 61.6 mg. MnS04, 44 mg. ZnC03, and 42 mg.
Table 1.2 Number Of Eggs Set/Percent Hatch For the Parental Age At 
1 , 8 , 9, 10 and 11 Weeks For Each Of the Four Lines Of 
Japanese Quail and the Analysis Of Variance Of These 
Hatchability Data.
__________________ Parental Age In Weeks____________
Line 7 8 9 10 11
5 19 23 9 10
NH 20.00 42.10 56.52 88.89 80.00
15 31 31 24 20
KY 20.00 27.74 74.19 70.83 75.00
21 25 19 20 15
AU 57.14 68.00 89.47 65.00 60.00
18 15 20 12 10
BR 44.44 53.33 60.00 33.33 50.00
Av. % Hatch 35.59a 47.49ab 70.04b 64.51b 66.25b
Means followed by the same letter are not significantly different 
according to Duncan's multiple range test (5% level of significance)
Analysis Of Variance:
Source D.F. Mean Square Prob. of
Line 3 347.263 0.3796
Age 4 863.524 0.0750
Error 12 309.520
Table 1.3 Number Of Eggs Set/Percent Hatch For the Parental Age At 
6 , 7 , 8 and 9 Weeks For Four Lines Of Japanese Quail and 
the Analysis Of Variance Of the Hatchability Data.
Parental Age In Weeks
Line 6 7 8 9 Mean
15 16 17 17
1 60.00 84.21 85.00 89.47 79.67
50 23 35 34
2 40.00 69.56 74.29 70.59 63.61
41 23 35 36
3 43.90 78.26 74.28 58.33 63.69
27 23 35 35
4 62.96 73.91 80.00 80.00 74.22
Mean 51.71a 76.49b 78.39b 74.60b 70.30
29 24 30 27
Control 90.00 83.33 90.00 82.00
Means followed by the same letter are not significantly different 
according to Duncan's multiple range test (5% level of significance)
Analysis of Variance:












Table 1.4 Number Of Eggs Set and Percent Hatch For the Four Lines Of 
Japanese Quail at 25%, 50%, 75% and 100% (Or Maximum Lay) 
and the Analysis Of Variance Of These Hatchability Data.
Percent Lay (Av. Age In Days)


































Mean 23.16a 52.79b 56.10b 69.80b 50.46
Means followed by the same letter are not significantly different 














Prob. of F 
0.183 
0.003
Table 1.5 The Effect Of Preincubation Storage Of Eggs On Percent 






Days Of Incubation (Time Of Hatch) and % Hatch Average 
% Hatch Mean16 Days 17 Days 18 Days 19 Days
Hatch 1 2 1 2 1 2 1 2 1 ' 2 1 2 1&2
17-23 74 86 0.0 0.0 0.0 0.0 1.3 1.2 0.0 0.0 0.3 0.3 0.3 c
15-16 49 47 0.0 0.0 8.2 6.4 18.4 17.0 0.0 0.0 6.6 5.8 6.2 be
12-13 48 56 0.0 0.0 14.6 3.6 27.1 21.4 2.1 0.0 10.9 6.2 8.6 ab
9-10 41 48 0.0 0.0 7.3 20.8 12.2 22.9 2.4 0.0 5.5 10.9 8.2 ab
6-7 39 60 5.1 5.0 33.3 23.3 33.3 13.3 0.0 0.0 17.9 10.4 14.2 ab
0-1 41 56 9.7 8.9 41.4 26.8 24.4 10.7 0.0 0.0 18.9 11.6 15.2 a
Mean Per Period 2.5 2.3 17.6 13.6 19.5 14.4 0.7 0.0
Mean (Hatch 1&2) 2.40a 15.48b 16.95b 0.38a
Means followed by the same letter are not significantly different from each other according to
Duncan's Multiple Range Test.
Table 1.6 Regression Analysis For the Regression Of Mean Days Of Incubation On Mean Time (Days) Of Preincuba­
tion Storage For the Six Periods Of Storage Of Quail Eggs.
Source D.F. Mean Square Prob. of F
Regression 1 0.482915 0.0027
Error 4 0.008259
r2 = 0.94; b = 0.4525
Incubation (days) Mean = 17.584 ± 0.090
Figure 1.1 Regression Of Days of Incubation on Average 
Time Of Preincubation Storage of Hatching Eggs in Japonica.
Y « 1 7 .0 9 8  + .04525X
2420- o STORAGE TIME (DAYS) 
PREINCUBATION STORAGE (DAYS) OF EGGS
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II. THE EFFECT OF HIGH AMBIENT TEMPERATURE ON GROWTH AND 
THE CORRELATIONS OF BODY WEIGHTS IN COTURNIX COTURNIX JAPONICA.
Investigations by Yousef et al., (1966) indicate that, as in chicken, 
homeostatic control of temperature is a part of the normal physiology 
of the Japanese quail even under stress of high temperature. It is known 
that high temperature stress retards growth in the young of many species. 
Works of Felton and Winn (1970) with broiler chicks, Cannon et al., (1967) 
with mice, Roubicek et al., (1964), and Roubicek and Theurer, (1967) with 
rats are but a few of the typical studies. Mills (1945), Ashoub (1958), 
and many other workers have similarly reported on the effects of high 
ambient temperature in retarding growth in young animals. Hudson and 
Kimzey (1966) have demonstrated the genetic adaptation to the stress of 
heat and humidity in the case of the house sparrow (Passer domesticus).
The present study was conducted with four objectives in mind:
1. To determine whether Japanese quail can be put to a sufficient degree 
of temperature stress for genetic selection studies without a significant 
mortality due to temperature effects. 2. To observe the effect of the 
temperature stress on growth. 3. To compare early (three week) versus 
late (five week) period of growth in order to select the growing period 
most likely to indicate the ultimate growth potential of the bird (10 
week). 4. To study the performance of the controls and the stressed
young quail at room temperature.
Materials and Methods
This investigation was conducted during the spring of 1972. Details 
of rearing, feeding, housing, etc. are given in the preceding study.
The heat stress chambers consisted of the five decks of a converted 
Oakes battery-type brooder. A second heater, similar to the original one,
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was Installed on each deck toward the rear of the brooder. Each of the 
heaters had an independent thermostatic control. The metallic reflector 
over the front-end heater in each of the five decks was removed so as to 
allow for similar heat dissemination from the two heaters on the same 
deck. The hinged metallic front doors on the brooder were replaced by 
wire screens to allow for light and air inside and to better equilibrate 
the temperature throughout the entire deck. The screen on the sides of 
the feeders and the waterers were largely closed by aluminium foil in 
order to reduce heat loss to the outside.
The heat stress chambers maintained a temperature of 37 ± 1.67°C. 
Temperature on each deck was monitored twice a day using four mercury 
thermometers permanently placed at various locations. Each deck had a 
100 watt light bulb attached to the heater in the rear, while a 15 watt 
light bulb was connected to the other heater toward the front end.
At three weeks of age all the birds were taken from the starting 
brooder and placed either in the heat chamber or in a conventional Oakes 
intermediate battery brooder which was maintained at room temperature. 
Approximately one half of the number of birds of each sex in each hatch 
were transferred into the stress chambers. No more than 45 birds were
put in any one deck. The room temperature sometimes fluctuated from
o15-27 C during a 24-hour period. Lights in the room were on 24 hours daily. 
Birds were fed and watered ad libitum. Feed troughs were filled once a 
day with the starter ration. Water was checked in the morning and then 
again in the afternoon. Fused light bulbs were regularly replaced. All 
birds were weighed at three weeks of age.
At five weeks of age, all the birds were again weighed to the nearest 
gram. At this point, they were moved to colony cages (at room temperature)
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and fed the quail breeder ration. Watering was accomplished through a 
central trough with continuous water flow. At 10 weeks of age, body 
weight was once again taken on all birds. Mortality records and records 
on age at maturity (percent lay on hen-day basis) were also kept.
Mortality from three to five weeks of age was negligible in all the
1birds under experimentation. However, a significant number of birds 
died by the 10th week of age.
In all, 145 birds in two replications were hatched for this experi­
ment. Correlation analyses between three, five and 10 week data for 
body weight were run on the records of the 95 birds surviving at 10 weeks 
of age. A total of 21 birds died from five to 10 weeks of age and they 
were excluded from the correlation analyses.
Results and Discussion
Table 2.1 contains these correlations between three and five, three 
and 1 0 , and five and 10 week records on body weight with the associated 
probabilities. Six out of seven correlations between five and 10 week 
data were significant. Only two of the seven correlations were signi­
ficant for the three and 10 week data as against three out of seven for 
the three and five week records.
It is evident from Table 2.1 that correlation coefficients between 
five and 10 week data were not only significant but also much larger them 
in either of the two other combinations studied.
Table 2.2 shows the analyses of variance for three, five and 10 week 
body weight data. The effect of high ambient temperature from three to
^In preliminary trials it was found that mortality significantly 
increased under high ambient temperature stress from threg to five weeks 
of age if the temperature was consistently higher than 39 C. Below this 
level stress was not lethal.
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five weeks of age was highly significant. Table 2.3 depicts the effect 
of high ambient temperature to retard growth appreciably in both sexes - 
the differential in the five week body weight being about 10 grams and 
12 grams in females and males, respectively. At 10 weeks of age, however, 
the temperature effect was non-significant as shown for 10 week data in 
Table 2.2. Body weight means for the three ages are given in Table 2.3 
which shows the closeness of values for stressed and non-stressed birds 
in both sexes.
Figure 2.1 shows the percent lay records from five to eight weeks 
of age for the normal and the heat stressed females. The values plotted 
are the means based on records of 27 controls and 24 stressed females. 
There is no indication of any consistent differences between the two 
graphs.
Mortality records, as weighted (for replication) percent of the 
number of birds at three weeks of age that died, were analyzed. A 
Chi-square test with one degree of freedom for each of the five week and 
the 10 week values was made. Mortality at five weeks of age was 1.2 and
2.4 percent for the control and stressed birds, respectively, and was 
not significantly different. By 10 weeks of age, however, 21.2 percent 
of the controls had died. This mortality rate was significantly higher 
than the 8.5 percent recorded in the case of the stressed group.
This study suggests the following: Coturnix can withstand ambient
otemperature at 37 C from three to five weeks of age without adverse lethal 
effects. Such a treatment does significantly retard the growth rate.
In the post-stress period the treated birds seemed to have better livabi- 
lity at room temperature and grew at a faster rate as indicated by their 
comparative growth records at 10 weeks of age, i.e. five weeks after the
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stress treatment was discontinued. Japanese quail may in fact be better 
suited to temperatures somewhat higher than conventionally encountered 
in most laboratories. This contention is partly supported by Wilson 
et al., (1970) who found that egg production in Coturnix was greater at 
32°C than at 10°C. The data also suggest that five week body weight is 
far superior to three week records as an indicator of the final growth 
potential in Japanese quail.
Table 2.1 Correlations With Associated Probabilities Of Significance 
For Three, Five and 10 Week Body Weights In Japonica.
Correlation/Probability
Age In Weeks
N 3,5 3,10 5,10
Female











































Table 2.2 Analysis Of Variance Of Body Weight At Three, Five and 10
Weeks Of Age Showing the Effect Of High Ambient Temperature 
Stress In Japonica.
3 Weeks 5 Weeks 10 Weeks
Source d.f. M.S. d.f. M.S. d.f. M.S.
Hatch 1 
Sex 1 















* Five percent level of significance
**
One percent level of significance
22
Table 2.3 Means Of 3, 5 and 10 Week Body Weights (In Grams) Of Japanese 
Quail Kept At Two Different Ambient Temperatures (15-27°C & 
37°C) Prom Three to Five Weeks Of Age.
Number (N) Of Birds and Age In Weeks 
Hatch Sex Temp. N 3 N 5 N 10
1 female Normal " 19 60.8 19 112.4 14 138.6
Stress 16 64.6 16 102.5 11 137.0
1 male Normal 22 62.1 22 99.4 17 114.0
Stress 20 60.8 20 87.8 20 109.8
2 female Normal 9 77.0 9 106.3 5 131.8
Stress 8 76.4 8 96.5 8 134.6
2 male Normal 10 73.2 10 94.0 10 107.5
Stress 12 69.3 12 82.3 10 105.8
1&2 female Normal 28 68.9 28 109.4 19 135.2
Stress 24 70.5 24 99.5 19 135.8
1&2 male Normal 32 67.7 32 96.7 27 110.8















35 39 43 47
AGE IN DAYS
Figure 2.1 Percent Lay Records From Five To
Eight Weeks of Age for the Heat Stressed 
and the Control Japonica.
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III. INTRA-SIRE REGRESSION OF OFFSPRING ON DAM AS A MEASURE 
OF THE ADDITIVE GENETIC VARIANCE FOR FIVE WEEK BODY WEIGHT 
IN COTURNIX COTURNIX JAPONICA.
Intra-sire regression of offspring on dam has been widely employed 
for the estimation of heritability in the case of large animals (Lush/
1941; Lerner, 1950; Falconer, 1961). In the case of chicken, this method 
has been regularly used in the estimation of heritability of body weight 
(Godfrey and Goodman, 1956; McClung, 1958; Kinney and Shoffner, 1965).
Kinney (1969) has reviewed quite extensively other work on this line in 
the chicken. Estimates of realized heritability of body weight in Japanese 
quail range from 0.06 (Collins et al., 1970) to 0.58 (Marks and Lepore,
1968). To the author's knowledge, intra-sire regression has not been 
used as a method to estimate heritability of five week body weight in 
Japanese quail.
The data reported in this work were collected over a span of two 
years (1971-73) through the normal seasonal fluctuations of light and 
temperature. Weight at five weeks of age was chosen as a measure of growth 
since in our laboratory the birds began to come into production at this 
age and hence they were switched from a starter ration on to a laying ration. 
Furthermore, the preceding study has shown that records of body weight at 
five weeks of age are significantly superior to three week body weight 
records as a measure of mature body weight in Japanese quail. It may also 
be pointed out that body weight measurements after five weeks of age are 
subject to large error due to egg weight.
Materials and Methods
Twenty-eight sires and sixty-four dams were involved in this study.
Each sire, chosen at random, was mated to two or three dams also drawn at
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random from the progeny of a mass mating population of approximately 
sixty females and thirty males. Each prospective sire or dam was weighed 
to the nearest gram at the age of five weeks and individually caged. Al­
though spermatozoa in quail are known to retain their fertility much longer 
(Woodard and Abplanalp, 1967), each sire was transferred sequentially, 
from one dam to the next every morning on a rotational basis. A total of 
413 offspring (198 females, 215 males) were measured for body weight at 
five weeks of age. Progeny of only five to seven sires were reared at any 
given time being conducted concurrently.
Progeny from each group of sires were hatched, leg banded and reared 
under common environmental (intra-group) conditions of brooding, feeding, 
room temperature, etc. Details of hatching, rearing, feeding, etc. are 
outlined under Materials and Methods in the first study.
Plastic leg bands were replaced by wing bands at three weeks of age 
at which time the young birds were also sexed and transferred to an inter­
mediate battery. At five weeks of age, all birds were identified, sexed 
again, and weighed to the nearest gram.
There was an average of 3.3 daughters per dam (range: 1-11) and an 
average of 3.4 sons per dam (range: 1-10). A median of three and a mode 
of two were recorded for each of the male and female progeny per dam.
Since most of the dams had two or more progeny of each sex, use of 
the mean of dam's offspring (by sex) was considered appropriate and ade­
quate as data for analysis.
A. Statistical Model:
Y±j= U + Bi + b (XyX..) + e y
where, Y^j = mean of the records of the offspring from a mating of the
ith sire to the jth dam; U = common mean; = the effect of the ith sire
b = the regression coefficient o f Y  on X; X ̂  = the record on the jth
dam mated to the ith sire; X . .= the phenotypic mean; e^j = the deviation
of the means of the progeny (random error).
B. The genetic model of covariance of X and Y (CovXY) for a
random mating population where the female is the heterogametic sex is:
Male Female
V V V V V V V V V V A D AA AD DD AAA M E L L
1/2 0 1/4 0 0 1/8 1/2 0 1 0
where V = variance; A, D, M, E, L, AD, etc., signify, respectively,
additive, dominance, maternal, environmental, sex linkage, additive X
dominance, etc. effects. Dividing the covariance by the variance of the
dams within sires gives the regression. Twice the regression estimates
heritability.
C. Analysis and Results:
The sum of squares for between dams within sires for X, XY and Y
are represented by SSXX , SPX Y , and SSY respectively, where SP is
the sum of crossproducts.
The analysis of variance for X, XY, and Y is as follows:
_________ Sum of Products (or Squares)________
Source d.f. Dams (X) Dam x Progeny (XY) Progeny (Y)
Between sires s-1 Not necessary
Between dams d—s SS^j^ SP jjy SSyy
within sires
where, s = number of sires and d = number of dams.
Results and Discussion
The analysis of variance for the dams' records and the covariance 
analysis of daughter-darn records is given in Table 3.1. Table 3.2 shows
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the corresponding analyses for the son-darn records.
From Table 3.1 regression of daughter's weight on dam's weight 
(byX) was found to be SPxy /®^xx “ Twice this regression gives
the heritability value of 0.436. The standard error of this heritability 
estimate was found to be 0.312.
Similarly, from Table 3.2, the regression of son's weight on dam's 
weight (byX ) came out to be 0.0767. A correction factor of 99.56/42.26 was 
applied to this regression, as the ratio of standard deviation of female 
weight/standard deviation of the male weight, to adjust for sex differ­
ences. The adjusted heritability estimate and its standard error came 
out to be 0.236 ± 0.220.
Heritability estimates of 0.44 and 0.24 for females and males, 
respectively, agree quite favorably with studies in other species (Kinney, 
1969; Kruger et al., 1972; MacArthur, 1949). Lower estimates in the case 
of the males supports similar finding by Marks and Lepore (1968) who re­
ported realized heritabilities of 0.58 and 0.33 for the females and the 
males, respectively. Using the sire component in the estimation of genetic 
parameters, a heritability of mature body weight in Coturnix quail of 
0.36 has been reported (Marks and Kinney, 1964).
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Table 3.1 Analysis Of Variance and Covariance For Daughter- 
Darn Records For Five Week Body Weight.
Source d.f. SS Dams SP SS Daughters
Sires 27 3885.667 974.365 4903.901
Dams/Sires 33 3370.333 736.485 2797.341
Total 60 7256.000 1710.000 7701.242
Table 3.2 Analysis Of Variance and Covariance For Son-Dam Records 
For Five Week Body Weight.
Source d.f. SS Dams SP SS Sons
Sires 27 4621.270 389.356 2866.919
Dams/Sires 35 3484.667 267.132 1479.356
Total 62 8105.937 656.488 4346.276
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IV. COMBINING ABILITY IN A DIALLEL CROSS OP 
THREE LINES OP COTURNIX COTURNIX JAPONICA.
In the past thirty years, ever since it was first defined by Sprague
and Tatum (1942) working with corn, the concept of combining ability has
been extensively used both in plants and in animals for its usefulness in
comparing the performance of lines in hybrid combinations and in the
evaluation of maternal, reciprocal and linkage effects from genetic studies
of quantitative inheritance. The work of Sprague and Tatum utilized a
diallel crossing system and it was with such a system that they originally
defined the terms general and specific combining ability as follows:
"The term 'general combining ability' is used to 
designate the average performance of a line in 
hybrid combination....The term 'specific combining 
ability' is used to designate those cases in which 
certain combinations do relatively better or worse 
than would be expected on the basis of the average 
performance of the lines involved."
Diallel crossing systems have been used widely both in laboratory 
animals as well as in farm animals. Typical studies in mice include Eaton 
et al., (1950), Roberts (1960), Carmon (1962), and Collins (1964). Kidwell 
et al., (1960) studied four inbred lines of rats in a diallel system. The 
model analyzed included the effects of sex, heterosis, lines, general 
combining ability, specific combining ability, sex linkage and maternal 
effects on 28- and 70-day body weight. In sheep, Bradley et al., (1965), 
and Schilling et al., (1968) reported similar studies. Bradford et al., 
(1958) studied six inbred lines of swine in a diallel cross. Typical such 
studies in cattle include those of Humes (1969), Brinks et al., (1967), 
Turner elt al., (1968) , and Gaines et̂  al., (1966) .
Genetic theory and the statistical considerations for data from 
diallel experimentation have been detailed by Griffing (1956a, 1956b),
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Kempthorne (1956), Gilbert and Jinks (1964).
To the author's knowledge, a study of a diallel cross system in 
Japanese quail has not been reported. This study was designed to test 
the combining ability of three random bred lines of Coturnix that have 
been maintained as closed populations for several generations for the last 
10 years. It was also intended to find whether significant maternal effects 
exist. The characters studied comprise hatchability, body weight at 
five weeks of age, and age at maturity. In the second study of this 
series reported in the preceding pages it was found that high ambient 
temperature stress significantly retarded growth of the young quail from 
3-5 weeks of age. In this study, it was also planned to test such an 
effect on a broad base by exposing some animals from each of the possible 
crosses to such a stress and to look for any genotype-environment inter­
action in the linecross progeny.
Materials and Methods
Three random mating populations of Japanese quail eight to 10 weeks 
of age were involved in a 3 X 3 diallel cross as shown in the following 
arrangement:
_________ Line Of Dam (source of the line)__________
Line Of Sire 1 (KY)_______________ 2 (NH)______________3 (AU)
1 (KY) 1 X 1 (3,8) 1 X 2  (3,7) 1 X 3  (4,12)
2 (NH) 2 X 1  (4,10) 2 X 2  (3,8) 2 X 3  (4,11)
3 (AU) 3 X 1  (4,10) 3 X 2  (4,7) 3 X 3  (4,9)
The letters in the parentheses stand for the line designation and 
the figures in the parentheses represent the number of males and females 
involved in each of the nine cells. A four factor, 3 X 3 X 2 X 2, fac­
torial experiment in a randomized block design was carried out with the 
factors being:
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line of sire; line of dam; ambient temperature;and sex.
Approximately 1200 eggs in three hatches were set. Details of hatch­
ing, rearing, feeding, etc. are outlined in the first chapter.
At three weeks of age, one half of the number of young birds in 
each of the nine crosses were transferred into an intermediate Oakes 
type battery while the remaining birds were put to high ambient tempera­
ture stress at 37 ± 1.6°C in a stress chamber. Details on the stress 
treatment are outlined in chapter two.
At five weeks of age all the birds were identified, sexed and weighed 
to the nearest gram. In all, 496 birds were recorded. All the birds were 
moved into similar intermediate batteries (without any extra heat) and 
were fed a breeder ration. Every morning record was made of the eggs laid 
as a per cent lay (on hen-day basis) for the various groups of the linecross 
hens.
Least-squares analyses were done for records on hatchability, body 
weight, and age at maturity to determine the effect of line of sire and 
line of dam on level of performance of the straight-line and linecross 
progeny resultant from the diallel cross. The effect of the line of sire 
was assumed to be equal to the general combining ability of the line.
The interaction between line of sire and line of dam was assumed to be 
equal to the specific combining ability of the line. The following 
mathematical model was assumed for the hijklm ^  observation for body 
weight records:
Xhijklm - U + Hh + S ± + Dj + T k + Z X + SD±j + STik + S Z U  +
DTjk + DZji + TZkl + SDTijk + S D Z i;jl + S T Z ikl +
DTZjkl + SDTZijkl + ehijklm 
Where, U is the population mean effect.
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is the hatch effect.
S.̂ , D. is the effect of the ith line of sire, and jth line 
of dam, respectively.
Zi is the effect of the kth temperature stress, and 1th 
sex, respectively.
is the interaction between line of sire and line of 
dam.
is the interaction between line of sire and tempera­
ture.
etc.
^ijklm is the environmental effect peculiar to the individual (random error). hijklm th
It is assumed that all effects except the error are regarded as 
fixed effects. Eisenhart (1947) has discussed other models and the 
assumptions associated with them. In the present study, therefore, for
Results and Discussion
Effects due to general and specific combining abilities were tested 
on hatchability, body weight and age at maturity.
Approximately 1200 eggs were set for the hatchability records, body 
weight at 5 weeks of age was taken on 496 birds, and 212 hens were in­
volved for maturity records out of which about 20 percent had died by 
the time records on maturity were completed at which time most birds 
were between seven and eight weeks of age.
Table 4.1 shows the hatchability records of all the nine genotypes 
from the 3 X 3  diallel cross and the analysis of variance of these rec­
ords. The results show that the general combining ability effects were
testing procedures it is necessary to assume only that the ©hijklm are
2normally and independently distributed with mean zero and variance <j e .
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highly significant. Least squares adjusted means for the line of sire 
indicate that sire-line two gave poor hatchability of 43 percent as compared 
to the other two lines which have hatchabilities of over 60 percent. Spe­
cific combining ability effects were not demonstrated as indicated by the 
line of sire X line of dam interaction in the analysis of variance 
(Table 4.1). A non significant line of dam effect showed that maternal 
effects are not important for hatchability in these three lines. Any 
effects of sex-linkage would also be included in the line of dam source 
of variation.
The analysis of variance for the five week body weight data is 
presented in Table 4.2. Least-squares-means are given in Table 4.3.
General and specific combining ability effects were both highly signifi­
cant for five week body weight. Maternal effects were found to be not 
significant. Variability due to sex and hatch effects was highly signi­
ficant. The effect of temperature was highly significant. The high 
ambient temperature stress significantly retarded growth from three to 
five weeks of age. The interaction of temperature with either line of 
sire or line of dam or with line of sire X line of dam was not significant. 
The significant temperature effect substantiates, with a much larger number 
of birds and with wider genetic base, similar findings reported earlier 
in the second chapter. Line of sire X sex effect was significant pri­
marily because sire line three produced females about six to seven grams 
heavier than the other two lines. Line of dam X sex was not important, 
however line of sire X line of dam X sex contributed variation that was 
significant. All the other interaction effects in the model were not 
significant.
General and specific combining abilities were found to be important
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for age at maturity as presented in the analysis of variance in Table 4.4. 
Table 4.4 also shows the means for the significant effects. The signi­
ficant general combining ability effect was due to a superior performance 
of sire-line three (mean of 39.46 days for the four rates of lay tested). 
Linecross hens from crosses AU male X KY female (3 X 1), AU male X AU 
female (3 X 3), and NH male X AU female ( 2 X3)  gave the best individual 
cross results. NH male X KY female gave by far the worst performance as 
did NH X NH (2 X 2) cross. The line of dam effect was highly significant 
indicating the presence of maternal effects on age at maturity in these 
three lines studied. Once again it was the AU females who were superior 
in performance and were thus responsible for a significant line-of-dam 
effect. The effect of high ambient temperature stress (from three to five 
weeks of age) on age at maturity was not significant. This agrees with 
similar results recorded earlier in the second chapter.
Most of the work on diallel crossing has been done with inbred 
stocks, whether plants or animals. More often than not the results have 
been to indicate some level of heterotic effect for traits of low to 
moderate heritability as has also been found in the present study. How­
ever, some researchers have failed to find a significant heterotic 
effect for traits such as body weight. Works of Jinks and Broadhurst 
(1963) with six inbred strains of rats in a 6 X 6 diallel cross, and 
Bailey (1960) with crosses of Western and Down breeds of sheep are illus­
trations of such negative results. This uncertainty of the outcome is in 
fact the reason, rather than the cause, for the need of a diallel system 
and its consequent usefulness in applied genetics of plant and animal 
populations.
In summary, the results indicate the following: 1. For hatchability,
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only general combining ability was significant. 2. General and specific 
combining ability effects were both highly significant for five week 
body weight as was the sire X sex interaction. 3. For age at maturity, 
general combining ability, specific combining ability, and maternal effects 
were all highly significant.
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Table 4.1 Hatchability Records On the Nine Linecrosses of Japonica 






F x M % Hatch^- (number of eggs set)
F M F M Hatch 1 2 3
1 1 KY x KY 75.86(29) 54.90(51) 34.69(49)
1 2 KY x NH 58.62(29) 60.42(48) 16.66(48)
1 3 KY x AU 80.00(15) 81.58(38) 29.41(51)
2 1 NH X  KY 74.36(39) 66.15(65) 54.17(48)
2 2 NH X  NH 56.52(23) 41.51(53) 29.63(81)
2 3 NH X  AU 84.21(19) 74.29(35) 50.00(38)
3 1 AU x KY 61.90(21) 79.31(29) 48.48(33)
3 2 AU X  NH 59.37(32) 49.00(49) 15.38(65)
3 3 AU x AU 54.54(44) 75.41(61) 42.18(64)
Analysis of Variance
Source d.f. Mean Square Prob. of
Hatch 2 2823.022 0.0001
Sire 2 1155.381 0.0009
Dam 2 60.414 0.5490
Sire x Dam 4 72.549 0.5695
Error 16 95.751
Least-Squares Adjusted Means: Sire-line one 61.09
Sire-line two 42.79
Sire-line three 63.51
1 ,The figures in the parentheses are the number of eggs set.
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Table 4.2 Analysis Of Variance For Five Week Body Weight, in Quail, 
Of the Progeny Produced By Diallel Crossing.
Source d.f. Mean Square Prob. Of
Hatch 2 857.89 0.0001
Ambient Temperature (temp) 1 1738.05 0.0001
Line Of Sire (Sire) 2 1228.59 0.0001
Line Of Dam (Dam) 2 124.18 0.1538
Sex 1 13311.96 0.0001
Sire X Dam 4 370.07 0.0004
Sire X Temperature 2 0.25 0.9964
Dam X Temperature 2 1.11 0.9842
Sex X Temperature 1 115.94 0.1843
Sire X Sex 2 391.51 0.0034
Dam X Sex 2 28.39 0.6590
Sire X Dam X Temperature 4 81.17 0.3011
Sire X Sex X Temperature 2 23.18 0.7116
Dam X Sex X Temperature 2 28.75 0.6605
Sire X Dam X Sex 4 192.47 0.0217
Sire X Dam X Sex X Temperature 4 156.59 0.0525
Error 458 66.58
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Table 4.3 Least-Squares Means For Five Week Body
Weight Of the Progeny From Diallel Crossing.
1 2  / xNumber Hatch Sire Dam Temper- Least - Squares Means (gms.)
ature Male Female Male S Female
23,29 1/2,3 1 1 0,1 87.30 94.83 91.50
23,22 1/2,3 1 2 0,1 92.78 100.36 96.49
23,20 1/2,3 1 3 0,1 90.26 106.65 97.88
69,71 1,2,3 1 1/2,3 0,1 90.11 99.87 95.06
46,45 1/2,3 2 1 0,1 90.43 98.76 94.55
19,25 1/2,3 2 2 0,1 88.26 97.24 93.48
26,21 1/2,3 2 3 0,1 90.69 96.86 93.44
91,91 1/2,3 2 1/2,3 0,1 90.05 97.95 94.00
20,22 1/2,3 3 1 0,1 93.5Q 105.41 99.74
24,29 1/2,3 3 2 0,1 92.17 108.21 100.94
41,38 1/2,3 3 3 0,1 90.88 102.47 96.45
85,89 1/2,3 3 1/2,3 0/1 91.86 105.06 98.61
119,138 1/2,3 1/2,3 1/2,3 0 92.90 101.94 97.75
126,113 1,2,3 1/2,3 1/2,3 1 88.62 99.89 93.94
245,251 1/2,3 1/2,3 1/2,3 0,1 90.70 101.02 95.92
^Number of males, females in each row.
2Least-squares means and the number of observations xn hatches 
1, 2 and 3, are 98.76,149? 94.75,223? and 94.61,124, respectively.
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Table 4.4 Age At Maturity (Ln Days)Of the Linecross Hens from the 
Three Lines of Japonica and the Associated Analysis of Variance Table.
2 I
Female Male Cross # Of ___________ Percent Lay_________________MEAN
Line Line F X M Hens 25% 50% 75% 1 0 0%
F M C S C S C S C S C S
1 1 KY X KY 14,07 4l 38 - — 43- 40 47 51 44 43.50
1 2 KY X NH 11,09 43 41 46 41 46 50 51 50 46.00
1 3 KY X AU 11,12 37 36 40 38 40 40 40 40 38.87
1 Mean 42.79
2 1 NH X KY 22,11 38 37 ' 40 40 44 40 46 41 40.75
2 2 NH X NH 16,13 42 42 43 44 47 47 49 49 45.37
2 3 NH X AU 1 0 , 1 0 35 39 37 40 39 46 39 50 40.62
2 Mean 42.25
3 1 AU X KY 10,11 42 37 43 41 45 42 45 48 42.87
3 2 AU X NH 11,09 37 37 38 37 39 40 44 40 39.00
3 3 AU X AU 12,13 38 36 39 37 39 39 42 41 38.88
3 Mean
Mean 38. 66 40. 44 42. 94 45. 00
40.25
41.76
Least-Squares means: Sire 1 = 43. 37, Sire 2 = 43.46 , and Sire 3 = 39.46.
Analysis Of Variance 
Source d.f. Mean Square Prob. Of F
Ambient temperature 1 8.68 0.1638
Percent lay 3 139.19 0.0001
Line of Sire 2 102.72 0.0001
Line of Dam 2 43.01 0.0004
Sire X Dam 4 50.91 0.0001
Error 59 4.43
XC and S refer to the control and the heat-stressed birds, respectively. 
2The first value refers to the control birds and the second value 
indicates the number of stressed hens under study.
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V. DIRECTIONAL SELECTION FOR GROWTH AT TWO DIFFERENT 
AMBIENT TEMPERATURES IN COTURNIX COTURNIX JAPONICA.
Selection, the inevitable result of causing or permitting some 
kinds of genotypes to produce more offspring than the others, is not 
only important to the economics of man but it also is inherent, by its 
definition, in the day to day 'obligatory' processes of evolution. The 
gene pool of the organism reacts to the rigors of its environment either 
by direct 'conscious' physiological or structural change in order to 
adapt to the changed environment as a compromise for the sake of existence; 
or else it may solely rely, as seems more likely, on a 'subconscious' 
effort through offering a whole galaxy of gene combinations at the 
disposal of the dynamics of the environment to 'pick as you need'.
This homeostatic nature of the genetic material is probably the main 
reserve pool of information for the structuring of new species; and at 
the same time, it is also perhaps the most potent antagonist to man's 
quest for selective breeding and an 'ideal genotype'.
A lot of theoretical and some experimental work has been done in 
several animal species. Dobzhansky (1955, 1963), Mather (1955) and 
Thoday (1958), all partly or wholly relate to the problem of selection 
and gene-environment interactions. Experimental work on selection in 
Drosophila, mice, rats, cattle, swine, chicken, etc. has been reviewed 
by the author in a previous work (Chahil, 1965).
In quail, several studies on selection for body weight under 
nutritional stress have been reported during the past decade. Collins 
et al., (1970) mass selected two lines (of 10 to 20 pairs each) under each 
of the following three feeding regimes for seven generations: 1. normal
diet (turkey starter). 2. dilution at 40% with sugar to force low protein
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intake and 3. starvation diet at 70% of normal intake. Selection 
differentials were reported as almost equal in magnitude. In generation 
seven each selected line was raised under all three nutritional regimes. 
Results failed to disclose special adaptation of improved growth to 
diets. Realized heritability values of 0.23, 0.06, and 0.14 were reported 
for the three groups of lines, respectively, under normal, stress and 
starvation diets. Marks and Lepore (1968) studied the growth rate in­
heritance in Japanese quail at four weeks of age to determine the efficacy 
of nutritional restriction in augmenting the response to selection in two 
lines - one (line P) at 28% protein in diet and the other (line T) at 
20% protein with the diet containing 0.2% thiouracil. Each population 
consisted of approximately 400 straight run chicks per generation. Twenty 
males and 72 females were selected each generation. Selection was carried 
out for six generations. Average effective selection differential of 
the T line (10.4 g) was significantly larger than the corresponding value 
(8.5 g) for the P line. Cumulative heritability estimates of 0.33 and 
0.58 for males and females, respectively, for the P line were found. 
Corresponding values for the T line were 0.24 and 0.38. Combined (sexes) 
heritability estimates for the P and T lines were 0.52 and 0.35 respec­
tively. In a later report (Marks, 1971) on the same experiment, herita­
bility values of .34 and .29 were found for the P and T lines, respec­
tively.
The present experiment was conducted to study the effectiveness of 
directional selection for growth and to study the effect of high ambient 
temperature stress in regard to selection as well as with respect to the 
performance of the selected birds.
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Materials and Methods
Three random breeding populations of Japanese quail were involved 
in the construction of the base population for this study. Description 
of the three lines and general materials and methods are given in Chapter 
One. The methodology of the application of the high ambient temperature 
stress is given in Chapter Two.
The Auburn line (AU) was used to build the population for the first 
replication. An F2 of the linecross birds from study number four on 
diallel crossing was the foundation for the second replication which 
followed the first in about four weeks. Each replication consisted of 
eight closed lines, each drawn at random from the base population and 
comprised of ten females and five males mating en masse. Within a repli­
cation, therefore, all eight of the lines were random samples from the 
same genetic pool. The designation of the lines, selection procedure of 
parents for the next generation and the amount and duration of the pre­
selection ambient temperature stress applied were as follows:
Line
Designation
Choice Of Parents- 
selected or random
Ambient tempera­
ture from 3-5 
weeks of age
I males random, females random room (15-27°C)
II males selected, females random room (15-27°C)
III males random, females random 37 ± o1.6 C
IV males selected, females random 37 ± o1.6 C
V males random, females selected room (15-27°C)
VI males selected, females selected room (15-27°C)
VII males random, females selected 37 ± o1.6 C
VIII males selected, females selected 37 ± o1.6 C
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All the lines within a replication were selected synchronously in 
order to reduce environmental differences between lines and between 
groups within a replication. Approximately 30 males and 30 females were 
recorded for body weight at five weeks for selection purposes. Usually 
a smaller number was recorded for those lines where selection was not 
applied. Five males and 10 females were saved as parents for the next 
generation of each line.
At the end of two generations of selection, with some exceptions, 
generation three progeny for each line was exposed to both of the possible 
ambient temperature treatments from three to five weeks of age.
Records on 5-week body weight, age at maturity, egg size and hatch- 
ability were kept for each line.
The analysis of the performance data (five week body weight) of the 
third generation progeny for the first replication was conducted according 
to Harvey (1960) due to the absence of data for one subclass for line VI.
Results and Discussion
Data from the first two generations of selection were analyzed.
Means, variances, selection differentials for body weight gains, cumulative 
selection differentials, realized gains, and cumulative gains for each 
of the lines in each replication are shown in Table 5.1 for the first 
three generations. The selection differentials shown for a given offspring 
generation refer to selection applied to the parents producing it.
Selection differentials under stress temperature were generally somewhat 
smaller than under normal ambient temperature. Five week body weights on 
birds under temperature stress were similar or smaller than those at room 
temperature.
Table 5.2 shows the records on hatchability and early mortality
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(number alive at three weeks as percent of eggs set) for the second and 
third generation progenies. Percent hatched seems to have been reduced 
considerably in the third generation especially for the sixth line in 
both replications. Data on age at maturity (recorded as percent lay at 
six, seven, eight and nine weeks of age) were recorded for the second 
generation (selected) and are shown in Table 5.1. Also given are the average 
egg weight, the number of females, and the number of eggs for each average, 
for the eight lines and the' two replications. All lines showed good to 
excellent laying records by nine weeks of age. Also, it is quite apparent 
from these data that the heavier lines had larger eggs as would be 
expected. Line VIII had an average egg size of 10.65 grams and eggs of 
line I weighed 9.9 grams on the average. Other lines had eggs that 
weighed within the range cited.
Table 5.4 shows the analysis of five week body weights of the third 
generation birds to test their performance for adaptation to stress.
Means for the different lines tested are given in Table 5.5. Table 5.6 
gives the performance data with respect to age at maturity and egg weight of 
the females from this test.
The effect due to switching of ambient temperature environment was 
highly significant. Temperature X line interaction was highly significant.
A look at Table 5.5 indicates that in almost every case the lines had 
gained more weight at room temperature than under the stress of tempera­
ture. However, the retardation effect of stress was much smaller for 
the stress-selected lines compared to those selected under room tempera­
ture. This indicates that the stress-selected lines i.e. lines III, IV,
VII, and VIII did indeed grow better under stress than the controls. Table
5.4 also shows sex X temperature interaction as significant. This was
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primarily due to the fact that temperature stress is affecting the females 
more drastically than the males, especially in the case of lines selected 
at room temperature i.e. lines I, II, V, and VI (Table 5.5).
Data in Table 5.6 were further analyzed for age at maturity between 
the lines (random samples) under the two temperature treatments. There 
was no significant difference of age at maturity between the group of lines 
under room temperature and the group of lines given heat stress at three 
to five weeks of age. There seems the indication that selection voider 
such a stress may in some way enhance the performance of such adapted 
animals when raised under normal environment.
Also, from Table 5.6, data on egg size of these same groups of lines 
gave an indication of larger eggs by stress-adapted lines tested at room 
temperature. This difference in egg size, however, was not significant 
as revealed by analysis of variance of the data.
From Table 5.1, regression analyses of cumulative realized gains 
on cumulative selection differentials (cumulative over generations) were 
run for the eight lines with respect to various classifications. Results 
are shown in Table 5.7. A cumulative estimate of realized heritability of 
.47 was found compared to a heritability estimate of .35 found by intra- 
sire regression of offspring on dam as reported in Chapter Three.
Contrary to some reports (Collins et al., 1970; Marks and Lepore,
1968; Marks, 1971) on selection under nutritional stress, the results 
herein have given similar or a little larger estimates of heritability 
of 5 week body weight under high ambient temperature stress compared to 
room temperature conditions. From Table 5.1, there was no indication of 
any appreciable change in the variance of five week body weight either 
from generation to generation or for stressed versus non-stressed lines
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for the two generations of selection;
The results reported herein indicate that selection under high 
ambient temperature stress for growth was quite effective, notwith­
standing some indication in the literature to the contrary (Collins et 
al., 1970). In addition, such a selection seems to enable the animals 
to perform better both under further stress as well as in the absence of 
stress as compared to the controls.
Table 5.1 Five Week Body Weight Means and Phenotypic Variances/ Selection Differentials, 
and Realized Gains In Japanese Quail, Generations 1-3.
Body Weight and Phenotypic Variance Selection
Genera- Replica- Female_____   Male______  Differential Realized Gain
tion tion Line Vari- Vari- FM FM
No. Mean ance No. Mean ance_____  __F M Cum. F M Cum.
I 19 112.4 137.1 22 99.4 29.5
II 21 113.4 67.3 31 98.6 49.3
III 16 102.5 152.4 20 87.8 42.6
IV 18 97.5 103.0 26 87.4 46.2
V 29 104.9 132.3 16 90.8 110.6
VI 27 97.1 92.8 34 88.4 62.9
VII 30 101.8 109.1 18 91.2 79.1
VIII 30 99.4 115.9 39 88.7 43.4
I 20 99.5 127.5 15 92.6 24.3
II 21 105.2 162.4 28 94.5 40.0
III 17 98.7 55.7 18 89.7 20.2
IV 18 100.1 65.2 38 91.5 50.0
V 34 105.2 144.7 15 91.6 70.5
VI 30 104.9 255.9 28 93.6 36.4
VII 29 103.5 86.3 18 93.1 38.4
VIII 28 105.2 70.7 34 91.3 53.1
I 18 112.7 115.1 13 93.3 41.7 1.62 .81 1.21 0.28 5.90 3.09
II 33 106.6 170.7 27 93.2 36.4 -.32 10.55 5.11 -6.78 -5.24 -6.01
III 16 100.6 162.5 14 89.7 58.2 2.59 2.60 2.60 -1.88 1.91 .01
IV 19 98.5 94.0 35 87.6 29.7 .51 9.38 4.76 1.52 .23 .87
V 30 105.7 112.2 16 95.1 15.3 8.87 2.93 5.90 .83 4.25 2.54
VI 30 110.8 104.6 30 93.4 29.7 10.38 8.97 9.67 13.68 5.01 9.34
VII 31 99.4 106.8 21 86.4 71.6 7.70 4.43 6.65 -2.35 -4.70 -3.52
VIII 31 103.0 124.2 31 90.0 48.4 10.97 8.23 9.60 3.63 1.23 2.43
IT»-
Table 5.1 -Continued
Body Weight and Phenotypic Variance Selection
Genera- Replica- Female_____   Male  Differential Realized Gain
tion tion Line Vari- Vari- FM FM
No. Mean ance No. Mean ance F M Cum. F M Cum.
I 21 104.9 162.7 20 90.0 53.0 2.00 .40 1.20 5.90 -2.55 1.67
II 30 103.7 241.3 40 96.7 69.8 2.20 5.50 3.85 -1.30 2.17 .43
III 23 101.7 119.2 21 92.2 55.9 1.40 .27 .83 3.69 2.56 3.12
IV 16 105.5 110.8 30 90.6 63.0 2.19 10.05 6.12 5.39 -.99 2.22
V 48 112.3 181.2 23 94.8 25.4 10.92 -.80 5.06 7.15 3.22 5.18
VI 38 111.7 139.0 38 97.7 48.6 13.82 6.20 10.01 6.81 4.13 5.47
VII 29 102.8 92.9 15 90.4 20.7 4.79 1.69 3.24 -.69 -2.79 -1.74
VIII 33 114.0 160.7 31 101.9 70.9 4.82 10.08 7.45 8.88 10.64 9.76
I 15 112.2 54.7 14 94.9 17.6 -1.00 4.69 3.04 -.44 1.61 3.67
II 15 115.2 109.6 26 96.7 23.7 -6.60 7.62 5.66 8.60 3.58 .08
III 17 112.3 142.6 20 96.5 40.8 1.82 1.69 4.34 11.73 6.79 9.27
IV 20 107.5 133.2 22 93.9 65.6 -1.77 7.95 7.84 8.95 6.25 8.47
V 28 114.2 98.4 16 98.1 71.2 8.87 1.28 10.96 8.45 2.99 8.26
VI 9 117.7 44.1 23 95.0 50.8 5.80 6.94 15.76 6.94 1.54 13.58
VII 22 120.0 89.2 20 97.6 30.0 9.75 .93 11.98 20.64 11.13 19.40
VIII 22 109.6 83.0 18 94.2 12.1 11.07 8.00 19.12 6.60 4.27 7.86
I 20 94.7 96.8 12 87.0 30.9 1.90 .75 2.52 -9.99 -3.05 -4.85
II 17 113.4 148.0 26 98.0 75.8 -1.70 15.73 10.86 9.71 1.33 5.95
III 3 95.6 30.3 8 86.0 51.1 1.49 -2.23 .46 -6.03 -6.23 -3.01
IV 12 98.2 103.7 16 88.2 15.9 -2.70 12.40 10.96 -7.28 -2.35 -2.61
V 34 109.3 183.5 16 92.7 56.7 19.07 .18 14.68 -2.98 -2.07 2.66
VI 23 109.7 162.9 20 99.6 37.2 15.73 12.87 24.30 -1.93 1.87 5.44
VII 22 102.6 155.8 11 87.9 96.0 9.21 .20 7.94 -.16 -2.50 -3.00




Table 5.2 Hatchability and Early Mortality Records of Progeny
Of Generations 2 and 3 of Japonica Selected For Growth.
Generation (Selected) 2 
Number % Of Eggs Set
Generation (Selected) 3
Number % Of Eggs Set
Rep. Line Hatched Hatched 3 Wks. Hatched Hatched 3 Wks. 5 Wks.
1 I 96 81.25 75.00 74 67.35 62.73
II 111 77.44 74.19 57 60.00 62.35
III 110 75.36 71.01 69 79.17 63.27
IV 104 82.00 82.00 53 69.44 47.67
V 86 75.51 75.00 63 66.67 64.24
VI 71 73.81 71.43 40 52.50 37.78
VII 76 75.56 66.67 69 75.00 74.44
VIII 89 87.23 85.11 77 82.22 70.53
2 I 77 74.04 71.15 57 57.00 55.00
II 77 60.63 55.91 56 56.00 54.00
III 93 86.11 79.63 80 75.15 46.49
IV 82 81.19 73.27 97 62.14 55.13
V 91 79.13 76.52 75 75.00 63.00
VI 82 74.55 70.91 49 49.00 45.00
VII 81 81.82 70.71 98 68.22 42.66
VIII 93 76.86 71.90 99 73.88 65.67
Table 5.3 Age At Maturity (Recorded As Percent Lay) For 
the Second Generation (Selected) Females and the 
Records Of Their Egg Size At 10 Weeks Of Age.
# Of Females Age In Weeks Eggs
Rep. Line At Start At End 6 7 8 9 1 Av. Wt.
I 10 10 60.00 90.00 80.00 100.00 18 10.00
II 16 10 50.00 75.00 80.00 80.00 20 10.05
III 15 10 33.33 73.33 70.00 90.00 20 10.35
IV 16 10 37.00 68.75 70.00 100.00 12 10.42
V 11 10 81.82 90.91 100.00 100.00 19 10.68
VI 13 10 76.92 92.31 92.31 92.31 18 10.61
VII 11 10 63.64 81.82 80.00 90.00 18 10.67
VIII 15 10 73.33 86.67 90.00 90.00 15 10.80
I 14 10 69.23 90.00 100.00 100.00 10 9.80
II 14 9 57.14 80.00 90.00 100.00 10 10.40
III 13 10 38.46 63.64 90.00 90.00 10 10.30
IV 13 10 53.85 70.00 90.00 100.00 10 9.90
V 18 10 66.67 70.00 80.00 90.00 10 10.20
VI 13 8 69.23 75.00 75.75 75.00 10 9.90
VII 14 9 57.14 80.00 88.89 88.89 10 10.30
VIII 16 10 68.75 70.00 80.00 100.00 10 10.50
Table 5.4 Analysis Of Variance For the Performance Test Data
(Five Week Body Weight) For Adaptation To Temperature 
Stress After Two Generations Of Selection in Japonica.






Line X Sex 7 84.09
*** **Line X Temp. 6 1106.76
Sex X Temp. 1 320.65*
Pooled Error 473 76.55
* Five percent level of significance
** One percent level of significance
*** Line 6 , stress-temp. cell for females was missing
Table 5.5 Least-squares Means of Five Week Body Weight For the 
First Replication of the Third Generation Progeny 
Raised Under the Two Ambient Temperature Regimes From 
Three to Five Weeks of Age of the Japanese Quail.
Line No Female No Male Mean No Female No Male Mean
I 15 112.8 14 95.2 104.0 15 99.0 14 85.5 92.0
II 15 115.2 26 96.9 106.0 8 96.5 - - 89.2
III 13 116.7 13 99.0 107.8 17 112.0 20 96.5 104.2
IV 21 111.5 15 100.0 106.0 20 107.5 22 93.9 100.7
V 28 114.2 18 98.7 106.8 - - 11 94.2 100.49
VI 9 117.7 23 95.3 106.7 - - - -
VII 21 113.0 17 99.9 106.3 22 120.0 20 97.6 108.9
VIII 19 116.6 20 108.8 111.8 22 109.9 18 94.3 101.83
No. Female Male
Temperature
Consign 151 113.72 96.13
Reversed 95 109.14 95.36
Table 5.6 Age (Days) At Maturity (75% Lay) and Egg Size (gm ) For the Third Generation (Both Selected and 
Random) Raised Under the Designated and the Reversed Temperature Treatments From Three to Five 
Weeks of Age in the Eight Lines of Japonica Under Study.
Designated Temperature Environment Reversed Temperature Environnw
Replica­
tion Line Selected Random Random
# Egg Wt. # Age # Egg Wt. # Age # Egg Wt. # Age
1 I - - - — 12 9.50 15 41 11 9.54 14 43
II - - - - 15 9.94 15 40 8 10.12 8 40
III - - - - 15 9.43 14 47 15 9.80 11 47
IV - - - - 7 9.57 14 46 15 9.81 10 50
V 9 10.56 10 41 20 10.15 8 45 - - - -
VI - - - - 9 11.11 9 39 - - - -
VII 11 9.91 16 42 22 9.62 22 42 27 9.96 17 44
VIII 7 10.57 10 40 20 10.20 20 44 22 10.36 14 44




— — - - 19 10.47 - - 15 10.20 - -
- — — — 15 10.17 - - 11 10.29 — _
V 24 10.85 - - 60 10.42 - - - - - -
VI 19 10.08 - - 30 10.02 - - - - - -
VII 17 10.59 - - 41 9.83 - - 19 10.21 - -





Table 5.7 Realized Heritability Estimates For Five Week Body 








Error Prob. of F
Male-selected .51 6 .64 .5360
Female-selected .97 6 .68 .2041
Male & Female selected .08 6 .22 .0649
Replication 1 .76 14 .28 .0188
Replication 2 .34 14 .15 .0359
Room temperature .41 14 .17 .0324
Stress temperature .54 14 .26 .0561
Cumulative .47 30 .15 .0042
*  9h is the realized heritability of five week body weight.
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VI. BR-SRT - A SEX-LINKED RECESSIVE COLOR MUTANT, 
AND OTHER MUTATIONS, UNDER HIGH AMBIENT TEMPERATURE 
STRESS IN COTURNIX COTURNIX JAPONICA.1
A study was originally designed to observe the physical, physio­
logical, biochemical and genetic consequences of adaptation of Japanese 
quail to the stress of high ambient temperature. Physical and physio­
logical effects were reported in Chapter Two. The biochemical aspects 
as they relate to the genetics of certain isozyme systems could not be 
carried out due to various difficulties. Genetic effects in relation 
to directional selection were covered in Chapter Five. In this study 
it is intended to present another genetic consequence of this experi­
mentation, the introduction of a sex-linked recessive color gene and 
other mutations as they relate to the effects of high ambient tempera­
ture stress on the incidence of mutation in Japanese quail.
Materials and Methods:
Two replications of the experiment were carried out. Each repli­
cation was comprised of eight closed lines. There were ten females and 
five males as breeders to continue each line. Lines within a replica­
tion were random samples derived from the same genetic pool. The source 
of the first replication was a panmictic random line with 60 females and 
30 males as breeders. The second replication was drawn from F 2 indi­
viduals by mass mating the F^ progeny from several crosses of three 
random lines from the fourth study. Lines I, II, V, and VI were raised
^BR, refers to the Baton Rouge Stock at Louisiana State University 
in Baton Rouge; SR, refers to the Sex-linked Recessive color mutant; T 
refers to temperature treatment; and 37 stands for 37 C.
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oin a room with daily and seasonal temperature fluctuations of 15-27 C.
Lines III, IV, VII, and VIII were kept in a controlled chamber at 
o37 ± 1.7 C. from three to five weeks of age. Prom five weeks of age,
all the lines were moved to the colony cages where the room was main-
otamed at a temperature between 21-27 C. Details of general materials 
and methods are discussed in Chapter One. Chapter Two described 
the stress temperature procedure. Detailed description on the eight 
lines and the two replications is given in Chapter Five.
Approximately 70-90 chicks were hatched from each line for the next 
generation and about 45-65 young quail at three weeks of age were ex­
posed to the stress of heat in the case of lines III, IV, VII, and VIII. 
Approximately the same number of birds were raised at room temperature 
for each of the other four lines, i.e., lines I, II, V, and VI. The 
eight closed lines were thus carried through two generations. All 
offspring in all lines were wild color patterned until among the off­
spring in the third generation. Different observations were made in the 
third generation as shown in Table 6.1.
Two investigations were planned to test the basis, if any, of the 
color deviants (the light colored 10MF female; the partially white wing 
birds: L3R0 male; LlRl, L1R3, L7R6 females) recorded in Table 6.1.
A. 10MF Female
The 10MF female (Table 6.1) obtained from line VII of the second 
replication after two generations of the stress treatment was mated to 
a wild-type male from line VII and F^ progeny was obtained. Seven pair- 
matings of the F^s were made and four hatches of F2 progeny were ob­
tained. An F3 was produced from the F2 females and the F^ males.
Records of color phenotypes were kept. The F2 progeny was recorded
for growth and maturity and F3 birds were also tested for growth after
oexposure to the high ambient temperature stress (37 C) from three to 
five weeks of age.
B. L3R0 Male and (LlRl, L1R3, L7R6) Females;
The L3R0 male was mated to several wild-type females from a random 
bred stock and each of the three white winged females was mated to a 
wild-type male. As a follow-up to the results obtained from the above 
crosses, male L3R0 mutant was pair-mated to the three mutant females and 
the progeny pair-mated based on their phenotypic score on white wings. 
The progeny from each of the crosses was scored according to the amount 
of white shown by their phenotype based on a 0 to 40 scale where 0 is
no white and a score of 40 indicates that both wings are completely
white. These scores were recorded at three weeks of age of the progeny. 
Results and Discussion;
A. 10MF Female
Of the 43 eggs set from the 10MF female, 31 offspring hatched out 
and all were wild-type. At five weeks of age, 13 F^ females and 15
Fĵ  males were recorded. In seven pair-matings of these F^s, the follow­
ing was recorded for the F2 progeny:
Number of F2 Progeny Hatched
F. Pair Number of  r=--------------------------------
__________  Eggs Set BR-SRT (10MF Phenotype) Wild Type
1 47 9 21
2 38 5 18
3 31 6 20
4 39 6 25
5 32 3 14
6 34 8 14
7  37_  3_ 13
Total 258 40 125
A Chi-square value of 0.049 was obtained with one degree of freedom 
for the over-all number of the mutant and the wild-type chicks from the 
seven pairs listed above and indicated that the numbers tested do not 
deviate significantly from a 1:3 ratio for the mutant: wild-type chicks 
recorded. This is to be expected if half of the female chicks hatched 
were wild-type assuming a single gene Mendelian inheritance via the sex 
chromosome or else the gene were an autosomal recessive. Phenotypically 
the mutant chicks had golden-yellow down with brown to light brown 
stripes on the back. They also had pink shanks and skin. This contrasted 
with the greyish-yellow down, black stripes, and darker shanks of the wild- 
type chicks.
At five weeks, in the P birds, 25 females and zero males for the2
mutant, and 21 females and 36 males for the wild-type were recorded. A 
Chi-square value of 1.609 with two degrees of freedom for these numbers 
suggested that the female: female: male ratio observed conformed closely 
to the expectation for a sex-linked recessive in the original 10MF female 
and that there was no excessive mortality in any one of the three groups 
compared. Table 6.2 shows that under room temperature conditions, the 
mutant F2 females were not significantly smaller than the wild-type F 
females. However for age at maturity (age at 25%, 50%, 75%, and max. lay) 
recorded as percent lay (on hen-day basis), there was a highly signifi­
cant difference between mutants and wild-type females. Average age at 
maturity for the mutant females was 52.0 days compared to 45.0 days for 
the wild-type females. The values analyzed were means for from 4 to 8 
females in each cell. In some hatches females did not attain more than 
7 5% lay in which case the observation was recorded as a missing observa­
tion and ignored for analysis purposes. A total of 20 mutant and 16
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wild-type females were recorded for age at maturity. Average of seven 
eggs weighed 8.85 grams for the mutant and 9.36 grams for the wild-type 
females. These averages are not significantly different.
Fifty mutant and 60 wild-type chicks of the F3 progeny hatched of 
247 eggs set from the F2 mutant females and F^ wild-type (phenotype) 
males in three different hatches. Due to time limitation, data pertain­
ing only to the first hatch has been analyzed as follows:
Mutant Wild-type
Number Hatched 28 32
Sex at 3 Weeks:
Male 12 14
Female 9 11
Both the above ratios, i.e. number hatched (1:1) and males and females 
at 3 weeks (1:1:1:1) have a very small non-significant Chi-square associa­
ted with them.
Data for the F^, F2 and F3 ratios obtained adequately illustrate the
37nature of inheritance of the BR-SRT gene (sex-linked recessive color 
gene) being reported in this study.
Body weight records on these F3 birds are analyzed in Table 6.3 and 
do not indicate any differential growth in the mutant compared with the 
wild-phenotype birds at four or at five weeks of age. However, it is 
interesting to note that the mutant females were again found to be 
slightly smaller than the wild-type females whereas reverse was true of 
the males.
B. L3R0 Male and (L1R1, L1R3, L7R6) Females.
The results of mating the white winged birds with wild-type stock 
are shown in Table 6.4. The data indicate the hereditary nature of the
trait; however, it seems from the results in Table 6.4 that the nature 
of inheritance, although autosomal, may not be simple. Consequently 
the data shown in Table 6.5 were obtained in an effort to quantify the 
genetic transmission of the white wing trait. Mean scores on the off­
spring were obtained for the six categories of the parental scores. A 
regression analysis of these data for regression of offspring mean score 
on parental score was run. A regression value of .29 was found and 
indicates that for every one primary white in the parents (.5 primary 
in each parent), on the average the offspring can be expected to inherit
.29 primaries white. This white wing mutant stock will be maintained 
37as BR-AmT (Baton Rouge - Autosomal (modifiers) Temperature mutant)
and further work is expected to continue on it. It seems there could be
only a single autosomal dominant color gene whose expression is being
affected by a galaxy of modifiers.
37The BR-SRT mutant stock will be maintained at our laboratory as
a random breeding pure line and will be available for further research.
37On the question of pure-line, it was thought this mutant gene BR-SRT 
may be specific genotype "limited" and in which case it should fail to 
express except in the particular genome in which it had so far been found 
and tested (Carlson, 1960). A test on this line was made. While the F2s 
were still young and had not yet been obtained, F^s were used in this
test. Three F^ males were mated to four mature females from an unre­
lated random line. Two F^ females each were mated to two adult males 
unrelated to the mutant stock. Chicks were hatched from these crosses 
and color phenotypes recorded as shown on the next page.
The data clearly indicate the same observations as recorded earlier 
for the F^ crosses.
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# Of Eggs _____# Hatched
Mutant Stock Random Stock Set Mutant Wild-type
F^ Males (3) Females (4) 54 9 29
F̂  ̂Females (2) Male (1) 21 0 13
F^ Females (2) Male (1) 24 0 21
Carlson et al^., (1969) observed that Drosophila melanogaster showed 
a strong buffering effect against a variety of heat shock treatments 
in the production of mutation. Assuming this line of argument, we 
should not expect the easy recurrence of these mutations in the same 
stock reported herein and therefore to repeat the experiment, new 
genetic material should give quicker and better results.
The author believes temperature as the cause, directly or more 
likely, indirectly, of these five mutations reported in three of the 
eight populations of Japanese quail exposed to heat stress compared to 
none out of eight kept as controls.
Radiation has been well known as a mutagen (Alexander, 1954) both 
in animals and in plants. Earth and cosmic radiation excluded, various 
agents other than radiation and mustard gas have been known to affect 
the occurrence of mutations (Fahring, 1970; Khan, 1968; Browning, 1970, 
Muller, 1954). However, temperature was the first condition of any 
kind, other than ionizing radiation, found to affect mutation frequency 
(Muller and Altenburg, 1919; Muller, 1928). More recently Carlson 
et al., (1969), and Fahring, (1970) and many other workers have recorded 
the effects of ambient temperature on the genetic material and mutation 
in D. melanogaster. To the author's knowledge, similar work has not 
been reported in Japanese quail.
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1Table 6.1 Color Phenotypes Of the Offspring In the Third Generation 
Under High Ambient Temperature Stress in Japonica.
Replication Line Temperature ( C)
Treatment At 






















4Three females (L1R1, L1R3, L7R6) 
All wild-type
Some colored pictures are illustrated at the end of this chapter.
210MF female is lighter in color; pinkish white on the face, neck 
and breast, with brown to light brown specks on the breast and white 
stripes on the back; the primaries, a pinkish-slate; beak, mostly devoid 
of black pigmentation; shanks, pinkish-red and eyes, black. This con­
trasts with the wild-type possessing a darker color; yellow to greyish- 
yellow on the face, neck and breast with black specks, yellow stripes; 
beak and eyes, black with shanks also showing some dark pigmentation.
3 4' L and R refer respectively, to the left and the right wing. The 
number after either L or R refers to the number of primaries of white 
color. All these birds have light-yellowish-pink shanks. Some yellow 
also shows on the beak but the feather color and patterns are unchanged.
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Table 6.2 Analysis Of Variance For P, Females From the 10FM Female for Five Week Body Weight and Age At Maturity.
Five Week Body Weight
Mean Mean
Source D.F. Square Prob. of F D.F. Square Prob. of F
Hatch 3 301.10 0.0032 2 49.20 0.1274
Mutant 1 54.16 0.3240 1 116.37 0.0054
% Lay 3 297.96 0.0001
% Lay X Mutant 3 12.39 0.3414
Error 37 53.89 12 10.05
Means: Mutant, 89.12, Wild-type, 91.39 Mutant , 52 days , Wild-type
45 days
Table 6.3 Analysis Of Variance For Four and Five Week 
Body Weight On the F3 Progeny.From the 10FM 
Mutant Female
Four Week Weight Five Week Weight
Source D.F.
Mean
Square Prob. of F D.F.
Mean
Square Prob. of F
Sex 1 16.04 0.6019 1 274.18 0.0045
Mutant 1 29.28 0.5190 1 0.00 0.9907
Sex X Mutant 1 77.43 0.2467 1 54.54 0.1750
Error 29 55.71 29 28.62
Least-squares











Table 6.4 Results Of Crosses Of White Wing Male and
Females With Wild-type Birds From Random Stock.
# Of Eggs Number Of Offspring Hatched_____
Male Female Set_____  White Wing Wild-type (Phenotype)
L3R0 Wild 18 11 6
Wild 22 0 15
Wild 17 0 14
Wild LlRl 17 0 16
Wild L1R3 13 3 9
Wild L7R6 4 0 0
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Table 6.5 Distribution Of the Offspring Of the Eight Pairs Of 
Birds Obtained By Crossing L3R0 Male With the 
Three Mutant Females. (LlRl, LXR3, and L7R6) .
Score On Total Amount Of White On Both Parents
Offspring # Of Pairs______ 2______ 1______ 2______ 1______ 1______ 1_
_1______ 2 4 10 16 20
0 10 3 8 1 0
1 3 2 6 1
2 1 1 1 1
3 1 1
4 1
5 1 2  1 1
6 1 2  1
7 1 1
8 1
9 1 5  1
10
11 1













Mean Score 0.93 3.37 5.86 6.50 7.00 8.00
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SUMMARY AND CONCLUSIONS
The primary objectives of this study centered around the quanti­
tative aspects of the genetics of Coturnix as they relate to additive 
genetic variance for growth, directional selection for five week body 
weight, hybrid vigour, and genotype-environment interactions under high 
ambient temperature stress from three to five weeks of age. Studies on 
the effects of high ambient temperature on growth and on hatchability and 
time of hatch of stored quail eggs were also conducted.
Heritability estimates using Intra-sire regression of offspring on 
dam were found to be 0.44 ± 0.31 and 0.24 t.0.22 for daughter-dam and 
son-dam records, respectively. The data from diallel crossing of three 
random lines demonstrated that general combining ability effects were highly 
significant for percent hatchability. Highly significant effects due to 
general and specific combining abilities, sire x sex, high ambient tem­
perature, and sex were observed for the body weight data. General and 
specific combining abilities as well as maternal effects were all highly 
significant for age at maturity and therefore important in the three lines 
of Japanese quail studied.
Directional selection for five week body weight under high ambient 
otemperature (37 C) stress for two generations yielded results similar to 
the controls selected for growth at room temperature (15-27°C). Stress- 
adapted birds grew better under stress environment (37°C) compared to the 
controls. The adverse effect of heat stress was more pronounced in the 
females than in the case of males of the experimental controls. A cumula­
tive estimate of realized heritability of .47 ± .15 was determined for 
five week body weight of Japanese quail.
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oThree of the eight stressed lines exposed to 37 C from three to five
weeks showed five mutant phenotypes carrying two genetic mutations for
37feather/body color. The BR-SRT mutant is much lighter m  color than the
37wild-type. The BR-SRT sex-linked recessive gene affects the whole
of the animal with respect to body color particularly due to absence of
yellow and black which is typical of the wild-type. The partially-white
37wing mutant phenotype referred to as BR-AmT mutant was also tested to 
be autosomal in nature and seemed to be polygenic and/or influenced by 
modifiers in its action.
The following may be concluded from this study: Genetic selection for
adaptation to high ambient temperature stress is quite effective in 
Japanese quail. Selection for growth under stress of high ambient 
temperature is at least as effective as selection under the environment 
in which these birds are normally raised. The color mutants obtained 
in this study under high ambient temperature stress tend to suggest 
that the mutagenic effect of temperature is rather mild and unlike that 
of irradiation and other potent mutagens. The two estimates of heri­
tability of five week body weight in Japanese quail indicate the simi­
larity of these estimates in other animals. Combining ability effects 
can be quite important in Japanese quail for traits such as hatchability.
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